The case for modality-specific outcome measures in clinical trials of stroke recovery-promoting agents. by Cramer, Steven C et al.
UC Irvine
UC Irvine Previously Published Works
Title




















eScholarship.org Powered by the California Digital Library
University of California
The Case for Modality-Specific Outcome Measures in
Clinical Trials of Stroke Recovery-Promoting Agents
Steven C. Cramer, MD; Walter J. Koroshetz, MD; Seth P. Finklestein, MD
Abstract—Clinical trials for acute stroke treatments have often used composite clinical rating scales as primary outcome
measures of treatment efficacy. Recent preclinical and clinical studies highlight the opportunity to administer treatments
in the subacute and chronic phase of stroke to promote neurological recovery. Because different neurological deficits
recover to different extents at different rates after stroke, putative stroke recovery-promoting treatments may exert
differential effects on various functional aspects of stroke recovery. For this reason, we propose that the use of
modality-specific outcome measures may be best suited as primary end points in clinical trials of stroke recovery-
promoting agents. The use of such end points may result in a more selective labeling of stroke recovery treatments.
(Stroke. 2007;38:1393-1395.)
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Most patients show spontaneous return of neurologicalfunction after a stroke. Because damaged brain tissue
does not fully regenerate in adult humans, these functional
gains most likely occur on the basis of reorganization or
proliferation of surviving cellular elements in brain,1–6 pro-
cesses that appear to be heavily dependent on age.7 Func-
tional recovery is often incomplete, making stroke a leading
cause of adult disability in the United States.8 Many ischemic
stroke therapies currently undergoing development, including
thrombolysis and neuroprotection, focus on the acute phase of
stroke in an effort to reduce the volume of cerebral infarction.
However, recent preclinical and clinical developments
have also highlighted the potential for reducing poststroke
disability via therapies that target the cellular and molec-
ular processes underlying stroke recovery. Examples of
such treatments include growth factors, cell-based thera-
pies, stimulants and other small molecules, and electrical
and magnetic brain stimulation.9 –19 These are treatments
specifically designed to enhance neurological recovery
after stroke and, accordingly, are distinguished from pre-
ventative, thrombolytic, or acute cytoprotective therapies.
These treatments might augment spontaneously occurring
processes that contribute to recovery of neurological function
after stroke, including new neuronal sprouting and synapse
formation in undamaged regions of brain, and stimulation of
progenitor cell proliferation, migration, and differentiation in
brain.2–4 The importance of a stimulatory environment or
“practice” has also been confirmed in preclinical studies, and
corresponding practice-based therapy programs have been
designed for stroke patients.20,21 Because stroke recovery in
humans commonly occurs during weeks to months after
stroke,22–25 it is conceivable that pharmacological, biological,
or device-based treatments might be usefully applied during
this period. By contrast, most acute stroke treatments cur-
rently undergoing development must be given within hours
after stroke onset to reduce infarct size. This editorial
addresses the specific contention that optimal clinical trial
designs for stroke recovery treatments are likely to differ
in several important respects from those for acute stroke
therapies.
In terms of clinical symptomatology, stroke is a multimo-
dal disease, ie, a single infarct often causes deficits in
multiple domains of neurological functioning. The nature of
stroke deficits is highly dependent on the size and location of
cerebral infarcts.26,27 Such deficits include motor, sensory,
cognitive, attention, language, visual, coordination, and gait
disturbances, among others. Moreover, the extent and rate of
recovery after stroke differs among these different functions.
These points are best illustrated by example. A common
variety of clinical stroke is that caused by thromboembolic
occlusion of the middle cerebral artery (MCA). The vascular
territory of the MCA includes more of the cerebral cortex
controlling arm than leg function. Thus, during recovery
from MCA stroke, patients often regain the ability to walk,
whereas recovery of contralateral arm function may remain
minimal.28 Similarly, after a dominant hemisphere MCA
stroke with aphasia, an auditory comprehension deficit
may clear considerably, whereas spontaneous speech may
remain severely dysarthric and nonfluent.29 A visual neglect
may clear over time, whereas a dense field cut may not.24
Received August 22, 2006; final revision received October 29, 2006; accepted October 30, 2006.
From Departments of Neurology and Anatomy & Neurobiology (S.C.C.), University of California, Irvine, Calif; Department of Neurology (W.J.K.),
Massachusetts General Hospital and Harvard Medical School, Boston, Mass; Biotrofix, Inc (S.P.F.), Needham, Mass.
Current address for W.J.K.: Deputy Director, Office of the Director, National Insitute of Neurologic Disorders and Stroke, National Institutes of Health,
Bethesda, Md.
Correspondence to Seth P. Finklestein, Biotrofix, Inc, 604 Webster St, Needham, MA 02494. E-mail seth.finklestein@biotrofix.com
© 2007 American Heart Association, Inc.
Stroke is available at http://www.strokeaha.org DOI: 10.1161/01.STR.0000260087.67462.80
1393
Comments, Opinions, and Reviews
These examples illustrate the point that different neurological
functions recover to different extents after stroke.
Similarly, various neurological functions recover at vary-
ing rates after stroke. Motor function shows the most dra-
matic improvement in the first 30 days;22,23 gains in construc-
tional apraxia may be seen up to 6 months after stroke;
language deficits often show gains for months to years after
stroke onset;25 recovery of visuospatial neglect and anosog-
nosia is usually not complete until 5 months after stroke;24
motor impersistence and extinction often continue to improve
for 9 to 12 months after stroke;24 gait generally improves over
a 14-week period after stroke, although gains may be seen
after this period in patients with accompanying sensory
deficits;30 resolution of urinary incontinence is seen beyond
20 weeks after stroke;30 and cognitive functions often con-
tinue to improve for many months after stroke.31–33 The time
course of recovery in one neurological domain can be
independent of recovery in a second domain of neurological
function.24,34,35
Clinical trials of acute stroke therapies, including
thrombolytic and neuroprotective agents, have generally re-
lied on composite clinical rating scales as primary outcome
measures. Examples of such composite measures include
functional outcome scales, such as the modified Rankin scale
and Barthel Index, and neurologic disability scales, such as
the National Institutes of Health Stroke Scale.36 In this
context, the term composite refers to scales that combine
multiple aspects of neurological functioning, such that a
single score can be applied to describe overall outcome after
stroke. Analysis of such scales in clinical trials has often
relied on dichotomization of “satisfactory” versus “unsatis-
factory” outcome,37,38 or more recently on “shift analysis,”39
to examine differences in distribution of scores among treated
versus untreated patients. The attraction of composite scales
for clinicians, drug developers, and regulatory agencies is
simplicity, because they appear to provide a single score that
succinctly summarizes outcome. Scores on composite scales
are presumed to correlate with quality of life, the most
important, but most difficult to measure, outcome of a
therapeutic intervention.
However, because symptoms of stroke are multimodal, and
because different neurological functions recover to different
degrees at different rates, it seems reasonable to assume that
treatments designed to enhance stroke recovery may also
affect different functions to different degrees at different
rates. As a consequence, composite rating scales may not be
the most appropriate primary outcome measures for clinical
trials of stroke recovery treatments. In particular, with use of
composite scales, a meaningful gain in one domain may be
either obscured or overemphasized by little or no gain in
another, especially if domains are unequally weighted. The
composite scales in common use are weighted more heavily
toward motor than cognitive function, often with special
attention given to the ability to walk. Thus, use of a
motor-weighted composite scale in patients with MCA stroke
may obscure a remarkable recovery of aphasia or neglect,
when meaningful recovery of motor function has not oc-
curred. Similarly, a composite scale may overemphasize
recovery of walking, which often occurs after MCA stroke,
while arm function may remain severely impaired. Indeed,
these two clinical patterns are common clinical experience
after MCA stroke.
Because of these reasons, we propose that “modality-
specific” outcome measures are the most appropriate primary
end points for clinical trials of stroke recovery treatments.
Specifically, well-validated and reproducible measures exist
for the assessment of sensorimotor, gait, language, neglect,
memory, frontal lobe, and neuropsychiatric function after
stroke. Primary outcome measures for stroke recovery trials
might separately address “motor recovery” or “cognitive
recovery,” or, more specifically, might address recovery of
arm function, gait, aphasia, etc. For example, to measure
upper extremity motor function, several tests are available,
including the Action Research Arm Test, Box and Blocks
Test, and arm motor subscale of the Fugl-Meyer scale, among
others.19,36 In phase II clinical trials, tests for several func-
tional domains can be chosen as end points, and the ones
providing the most promising results might be chosen as
primary outcome measures in pivotal trials. Current preclin-
ical models of stroke recovery emphasize sensorimotor over
cognitive recovery. If such models are used in the develop-
ment of stroke recovery treatments, then surely motor recov-
ery scales should be included as stand-alone outcome
measures in clinical trials. Major treatment-induced improve-
ments on modality-specific outcome measures should be
mirrored by improved quality of life, the ultimate standard of
treatment efficacy. Recent early-stage trials of stroke recov-
ery promoting-treatments have indeed adopted modality-
specific scales as primary outcome measures.17
Use of modality-specific outcome measures in clinical
trials of stroke recovery drugs may, in turn, result in
modality-specific “labeling” of treatments. Thus, for exam-
ple, a stroke recovery treatment would be approved as an
agent “to promote motor recovery,” “to promote cognitive
recovery,” or, more specifically, “to promote recovery of arm
function,” or “to promote recovery from aphasia” after stroke.
These deficits are common occurrences after stroke, insuring
a substantial market for such a product. In this regard,
approval of stroke recovery drugs may prove similar to
approval of Parkinson disease drugs, which are approved
primarily for efficacy on motor symptoms, or to approval of
Alzheimer disease drugs, which are approved primarily for
cognitive symptoms.
In addition to reliance on different outcome measures,
stroke recovery trials are likely to differ from acute stroke
trials is other significant ways. First, because stroke recovery
is a prolonged process occurring over weeks to months, the
time window for recruitment into such studies is likely to be
much longer than acute stroke trials, in which recruitment
windows are typically 0 to 6 hours after stroke. Second,
because of this longer time window to recruitment, patients
can be carefully selected by rigorous inclusion and exclusion
criteria, including demographic, imaging, and functional
criteria to achieve more homogeneity within treatment and
control groups.23 Third, because of the long time window to
recruitment, detailed baseline functional assessments of pa-
tients can be undertaken, against which repeated measures of
outcome assessments can be compared during the months
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after stroke. By relying on within-patient change scores as
primary outcome assessments, rather than a single cross-
sectional measurement taken at the end of the study period,
variance and thus clinical trial sample size requirements may
be substantially reduced. Because of considerable preclinical
data showing that functional recovery from brain injury or
stroke depends on repeated practice of the impaired functions,
concomitant behavioral treatments, including physical, occu-
pational, and speech therapies, will have to be controlled
carefully (or, at a minimum, recorded as covariates) in
clinical trials of stroke recovery-promoting agents.
In conclusion, because the clinical problem of stroke
recovery is distinct from that of acute stroke, we propose that
different strategies and designs are warranted for clinical
trials of stroke recovery treatments. Such designs will benefit
from the use of modality-specific outcome measures.
Sources of Funding
This study was supported, in part, by 1 R01 HS11392-01A1 from the
Agency for Healthcare Research and Quality (AHRQ), and 1P50
NS051343 from the National Institutes of Neurologic Disease and
Stroke (NINDS; both to Dr Koroshetz).
Disclosures
S.C.C. received significant grant support from Stem Cell Therapeutics
and GlaxoSmithKline; and served as a consultant to Stem Cell Thera-
peutics, GlaxoSmithKline, Northstar Neuroscience, M’s Research, W.L.
Gore & Associates, Biotrofix, and Merck & Co. W.J.K. served as a
consultant to Novartis and Biogen Idec. S.P.F. has significant ownership
of Biotrofix, and served as a consultant to Merck & Co.
References
1. Cramer SC, Nelles G, Benson RR, Kaplan JD, Parker RA, Kwong KK,
Kennedy DN, Finklestein SP, Rosen BR. A functional MRI study of
subjects recovered from hemiparetic stroke. Stroke. 1997;28:2518–2527.
2. Carmichael ST. Cellular and molecular mechanisms of neural repair after
stroke: making waves. Ann Neurol. 2006;59:735–742.
3. Dancause N, Barbay S, Frost SB, Plautz EJ, Chen D, Zoubina EV, Stowe
AM, Nudo RJ. Extensive cortical rewiring after brain injury. J Neurosci.
2005;25:10167–10179.
4. Wada K, Sugimori H, Bhide PB, Moskowtiz MA, Finklestein SP. Effect
of basic fibroblast growth factor treatment on brain progenitor cells after
permanent focal ischemia in rats. Stroke. 2003;34:2722–2728.
5. van Praag H, Schinder AF, Christie BR, Toni N, Palmer TD, Gage FH.
Functional neurogenesis in the adult hippocampus. Nature. 2002;415:
1030–1034.
6. Horner PJ, Gage FH. Regenerating the damaged central nervous system.
Nature. 2000;407:963–970.
7. Ween JE, Alexander MP, D’Esposito M, Roberts M. Factors predictive of
stroke outcome in a rehabilitation setting. Neurology. 1996;47:388–392.
8. Centers for Disease Control and Prevention. Prevalence of disabilities and
associated health conditions among adults: United States. MMWR Morb
Mortal Wkly Rep. 2001;50:120–125.
9. Bang OY, Lee JS, Lee PH, Lee G. Autologous mesenchymal stem cell
transplantation in stroke patients. Ann Neurol. 2005;57:874–882.
10. Scheidtmann K, Fries W, Muller F, Koenig E. Effect of levodopa in combination
with physiotherapy on functional motor recovery after stroke: a prospective,
randomized, double-blind study. Lancet. 2001;358:787–790.
11. Ren JM, Finklestein SP. Growth factor treatment of stroke. Curr Drug
Targets CNS Neurol Dis. 2005;39:121–125.
12. Kawamata T, Dietrich WD, Schallert T, Gotts JE, Cocke RR, Benowitz
LI, Finklestein SP. Intracisternal basic fibroblast growth factor (bFGF)
enhances functional recovery and upregulates the expression of a
molecular marker of neuronal sprouting following focal cerebral
infarction. Proc Natl Acad Sci U S A. 1997;94:8179–8184.
13. Chen J, Li Y, Katakowski M, Chen X, Wang L, Lu D, Lu M, Gautam S,
Chopp M. Intravenous bone marrow stromal cell therapy reduces apo-
ptosis and promotes endogenous cell proliferation after stroke in female
rats. J Neurosci Res. 2003;73:778–786.
14. Stroemer RP, Kent TA, Hulsebosch CE. Neocortical neural sprouting,
synaptogenesis, and behavioral recovery after neocortical infarction in
rats. Stroke. 1995;26:2135–2144.
15. Walker-Batson D, Smith P, Curtis S, Unwin H, Greenlee R. Amphetamine
paired with physical therapy accelerates motor recovery after stroke: further
evidence. Stroke. 1995;26:2254–2259.
16. Dam M, Tonin P, Boni AD, Pizzolato G, Casson S, Ermani M, Freo U,
Piron L, Battisin L. Effects of fluoxetine and maprotiline on functional
recovery in poststroke hemiplegic patients undergoing rehabilitation
therapy. Stroke. 1996;27:1211–1214.
17. Khedr EM, Ahmed MA, Fathy N, Rothwell KC. Therapeutic trial of
repetitive transcranial magnetic stimulation after acute ischemic stroke.
Neurology. 2005;65:466–468.
18. Lee JK, Kim JE, Sivula M, Strittmatter SM. Nogo receptor antagonism
promotes stroke recovery by enhancing axonal plasticity. J Neurosci.
2004;24:6209–6217.
19. Brown JA, Lustep H, Weinand M, Cramer S. Motor cortex stimulation for
the enhancement of recovery from stroke: a prospective, multicenter
safety study. Neurosurgery. 2006;58:464–472.
20. Jones TA, Schallert T. Use-dependent growth of pyramidal neurons after
neocortical damage. J Neurosci. 1994;14:2140–2152.
21. Taub E, Uswatte G, King DK, Morris D, Crago JE, Chatterjee A. A
placebo-controlled trial of constraint-induced movement therapy for
upper extremity after stroke. Stroke. 2006;37:1045–1049.
22. Duncan P, Goldstein L, Matchar D, Divine G, Feussner J. Measurement
of motor recovery after stroke. Stroke. 1992;23:1084–1089.
23. Duncan P, Lai S, Keighley J. Defining post-stroke recovery: implication for
design and interpretation of drug trials. Neuropharmacology. 2000;39:835–841.
24. Hier D, Mondlock J, Caplan L. Recovery of behavioral abnormalities
after right hemisphere stroke. Neurology. 1983;33:345–350.
25. Kertesz A, McCabe P. Recovery patterns and prognosis in aphasia. Brain.
1977;100:1–18.
26. Crafton K, Mark A, Cramer S. Improved understanding of cortical injury by
incorporating measures of functional anatomy. Brain. 2003;126:1650–1659.
27. Hillis A, Barker P, Wityk R, Aldrich E, Restrepo L, Breese E, Work M.
Variability in subcortical aphasia is due to variable sites of cortical
hypoperfusion. Brain Lang. 2004;89:524–530.
28. Jorgensen HS, Nakayama H, Raaschou HO, Olsen TS. Recovery of
walking function in stroke patients: The Copenhagen Stroke Study. Arch
Phys Med Rehabil. 1995;76:27–32.
29. Mohr JP, Pessin MS, Finklestein S, Funkenstein HH, Duncan GW, Davis
KR. Broca aphasia: pathologic and clinical aspects. Neurology. 1978;28:
311–324.
30. Reding M. A model stroke classification scheme and its use in outcome
research. Stroke. 1990;21:1135–1137.
31. Desmond D, Moroney J, Sano M, Stern Y. Recovery of cognitive
function after stroke. Stroke. 1996;27:1798–1803.
32. Kotila M, Waltimo O, Niemi M, Laaksonen R, Lempinen M. The profile of
recovery from stroke and factors influencing outcome. Stroke. 1984;15:
1039–1044.
33. Wade D, Parker V, Hewer RL. Memory disturbance after stroke: Fre-
quency and associated losses. Int Rehabil Med. 1986;8:60–64.
34. Marshall J, Corss A, Jackson D, Gren A, Baker H, Ridley R. Clome-
thiazole protects against hemineglect in a primate model of stroke. Brain
Res Bull. 2000;52:21–29.
35. Markgraf CG, Green EJ, Hurwitz BE, Morikawa E, Dietrich WD,
McCabe PM, Ginsberg MD, Schneiderman N. Sensorimotor and cog-
nitive consequences of middle cerebral artery occlusion in rats. Brain Res.
1992;575:238–246.
36. Herndon RM. Handbook of neurologic rating scales. New York, NY:
Demos Medical Publishing, Inc.; 2006.
37. The National Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. Tissue plasminogen activator for acute ischemic stroke.
N Engl J Med. 1995;333:1581–1587.
38. Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, Kummer R, Boyeson
G, Bluhmki E, Hoxter G, Mahagne MH. Intravenous thrombolysis with
recombinant tissue plasminogen activator for acute hemispheric stroke:
The European Cooperative Acute Stroke Study (ECASS). JAMA. 1995;
274:1017–1025.
39. Lees KR, Zivin JA, Ashwood T, Davalos A, Davis SM, Diener HC,
Grotta J, Lyden P, Shuaib A, Hardemark HG, Wasiewski WW. NXY-059
for acute ischemic stroke. N Engl J Med. 2006;354:588–600.
Cramer et al Modality-Specific Outcome Measures for Recovery 1395
